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Summary
Introduction: Bone is thought to play an important role in osteoarthritis (OA) pathophysiology. Our aim was to look at speciﬁc features of OA
and their relation to the ratio of medial:lateral tibial plateau bone mineral density (M:L BMD Ratio).
Methods: We examined our research question in the Framingham OA Study Cohort. All participants had BMDs and weight-bearing plain ra-
diographs of the knees (2002e2005). M:L BMD Ratios were calculated using BMD from medial and lateral regions in the tibial plateau. Knee x-
rays were read for osteophytes (OSTs), joint space narrowing (JSN), and sclerosis (Osteoarthritis Research Society International (OARSI)
scoring system). Knees were classiﬁed as having medial and/or lateral JSN if they had JSN 1 in the medial and/or lateral tibiofemoral com-
partments, respectively. Medial and/or lateral OSTs were deﬁned as medial and/or lateral tibial and/or femoral OSTs 2, respectively. Medial
sclerosis and lateral sclerosis were deﬁned as medial and lateral tibial sclerosis 1, respectively.
We performed a logistic regression with medial JSN as the outcome and with M:L BMD Ratio groups as predictor variables, using the median
group as the referent. Analyses were adjusted for age, sex, and body mass index (BMI). Generalized estimating equations were used to adjust
for correlation between knees. Identical analyses were performed with medial OSTs, medial sclerosis, lateral JSN, lateral OSTs, and lateral
sclerosis as the outcomes.
Results: Mean age of 1612 subjects (3048 knees) was 63.9 (Standard Deviation (SD) 8.9), 56% were women, and mean BMI was 28.5
(SD 5.5). M:L BMD Ratio was positively associated with medial JSN (P for linear trend <0.0001) and negatively associated with lateral
JSN (P for linear trend <0.0001). The relations of the ratio with medial and lateral OSTs were j-shaped with P for quadratic trends
<0.0001. There were also strong associations between M:L BMD Ratio and compartment-speciﬁc sclerosis (P for linear trends <0.0001)
with most knees with medial and lateral sclerosis being in the highest and lowest M:L BMD Ratio groups, respectively.
Conclusion: In summary, the extremes of the M:L BMD Ratio are strongly associated with individual radiographic features of OA. These ﬁnd-
ings add to existing evidence supporting the importance of understanding bone in OA pathophysiology.
ª 2006 OsteoArthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
Key words: Bone mineral density, Osteophytes, Joint space narrowing, Sclerosis.
OsteoArthritis and Cartilage (2006) 14, 984e990
ª 2006 OsteoArthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
doi:10.1016/j.joca.2006.04.010
International
Cartilage
Repair
SocietyIntroduction
It has been long purported that bone is important in the
pathophysiology of osteoarthritis (OA)1e9. While plain radio-
graphs are able to visualize bone, they are insensitive to the
detection of a change in bone mineral content until there is
1Dr. Lo is supported by the American College of Rheumatology/
Research and Education Foundation and the Arthritis Foundation
through the Arthritis Investigator Award. Also, the Framingham
Osteoarthritis Study is supported by National Institutes of Health
AR47785 and AG18393 and the Framingham Heart Study by
National Institutes of Health contract N01-HC-25195 from the
National Heart, Lung, and Blood Institute.
*Address correspondence and reprint requests to: Grace Hsiao-
Wei Lo, M.D., M.Sc., Tufts e New England Medical Center, 750
Washington St, Box #406, Boston, MA 02111, USA. Tel: 1-617-
636-5645; fax: 1-617-636-1542; E-mail: glo@tufts-nemc.org
Received 13 January 2006; revision accepted 10 April 2006.984a bone mineral content change of 20e30%10, and they suf-
fer from relatively low reproducibility of bone mineral read-
ings10. Dual x-ray absorptiometry (DXA) uses photons of
two energy levels to measure the attenuation produced by
bone allowing for a sensitive and reproducible quantitative
method of assessing bone mineral density (BMD)10. As a re-
sult of these advantages, DXA may be able to provide in-
sights into alterations in density that occur in OA which
plain radiographs may not be able to provide.
There is evidence to suggest that the medial:lateral BMD
at the tibial plateau (M:L BMD Ratio) is a feature of OA. A
ratio greater than 1 reﬂects a higher medial tibial plateau
BMD compared with the lateral BMD, whereas a ratio less
than 1 indicates a higher lateral tibial plateau BMD com-
pared with the medial BMD. In a study of 69 subjects with
medial compartment OA, those with more severe disease
had higher M:L BMD Ratios11. Further, the M:L BMD Ratio
correlates with static alignment and with dynamic alignment
985Osteoarthritis and Cartilage Vol. 14, No. 10(peak knee adduction moment)11, both of which are highly
predictive of OA progression12,13. In addition, we have re-
cently shown that the M:L BMD Ratio is associated with
bone marrow lesions (BMLs) on MRI where high ratios
(with a relatively higher medial tibial BMD) are associated
with medial BMLs and lower ratios (with a relatively higher
lateral tibial BMD) with lateral BMLs14.
Previous studies have only examined small sample sizes,
have only looked at OA as a general disease process, and
have only evaluated these relationships in a disease-based
cohort. A better understanding of the relation of M:L BMD
Ratio to individual radiographic features of OA may provide
insight into OA pathophysiology. With that in mind, we em-
barked upon a cross-sectional study to evaluate the relation
between the M:L BMD Ratio and individual radiographic
features of OA, i.e., joint space narrowing (JSN), osteo-
phytes (OSTs), and sclerosis, among participants in the
Framingham OA Study Cohort, a large population-based
cohort. We hypothesized that higher M:L BMD Ratios would
be associated with more medial JSN, medial OST forma-
tion, and medial sclerosis. Likewise, lower M:L BMD Ratios
would be associated with more lateral JSN, lateral OST for-
mation, and lateral sclerosis.
Materials and methods
SUBJECTS
Full details of subject recruitment have been published14.
In brief, our population-based study cohort consisted of two
separate groups, members of (1) the Framingham Heart
Study Offspring Cohort and (2) a newly recruited cohort
from the town of Framingham, MA. Participants of this com-
bined group, designated the Framingham OA Study Cohort,
were examined between 2002 and 2005. Exclusion criteria
were the presence of bilateral total knee replacements and
a positive screen for rheumatoid arthritis. People were
screened for rheumatoid arthritis using a validated survey
instrument15 supplemented by questions about medication
use that would reﬂect treated rheumatoid arthritis. In neither
group was participant selection based on the presence or
absence of knee OA.
All of those who agreed to participate in the Framingham
OA Study Cohort had tibial plateau BMD assessments and
plain Posterior-Anterior (PA) radiographs of both knees, ex-
cept for those knees with total joint replacements. There
was a 2 month period where, due to time constraints, the
tibial plateau BMD assessments were only obtained on right
knees. Age, sex, and body mass index (BMI) were as-
sessed in all study participants. BMI was calculated using
the Quetelet’s index (weight/height2) as kg/m2 (Ref. 16).
Height was measured to the nearest 0.5 cm using a stadi-
ometer and weight to the nearest 0.5 kg using a balance
beam scale with shoes and heavy clothing removed.
PROTOCOL FOR OBTAINING TIBIAL PLATEAU BMD
MEASUREMENTS
The proximal tibiae were scanned using DXA (Lunar
Prodigy scanner GE Lunar Corp., Madison, WI, USA), using
the spine analysis option. The lower extremity was posi-
tioned with the direction of scanning perpendicular to the
long axis of the tibia, and neutrally rotated. Also, one 5
pound rice bag was positioned posterior to the popliteal
fossa to place the knee in mild ﬂexion. As the scanner re-
quires the presence of surrounding soft tissue to set thethreshold for bony tissue, and since little soft tissue exists
around the knee joint, we mimicked ‘‘soft tissue’’ surround-
ing the knee by placing multiple 5 pound rice bags (usually
between six and seven bags) circumferentially around the
knee, making sure there were no pockets of air between
the knee and the bags. Stacking the rice bags also provided
stabilization, minimizing motion of the knee of interest. The
positioning laser light was used to position the center of the
scanner arm 2 inches below the inferior pole of the patella.
We created two customized regions of interest (ROIs) for
each knee, according to a protocol outlined by Hurwitz
et al.17 The scan included the proximal 20 mm of the tibia.
The width of each ROI (i.e., medial and lateral ROIs), in
the medio-lateral direction was set as the distance between
the medial and lateral bone edges along a line midway be-
tween the far medial and lateral points of the tibial plateau.
The two regions were positioned so that their top edges
were just superior and parallel to the medial and lateral joint
surfaces of the tibia. For each ROI, the BMD was measured
in the area bounded by the bone edges and the boundaries
of the region positioned within the bone. These ROI loca-
tions were chosen to evaluate the BMD of the lateral and
medial areas of the subchondral cancellous bone and the
cortical bone of the diaphysis. The 20 mm height of the
ROIs was chosen so that the ﬁbula was largely excluded
from the measurements.
M:L BMD Ratios were calculated by dividing the medial
tibial plateau BMD (g/cm2) by the lateral tibial plateau
BMD (g/cm2). The testeretest intraclass correlation was
0.99 for both the medial BMD and lateral BMD, and 0.96
for the M:L BMD Ratio14.
PLAIN RADIOGRAPHS OF THE KNEE
A ﬁxed ﬂexion PA view of both knees was obtained with
weight bearing as described by Carbone et al.18 These ﬁlms
were scored for Kellgren and Lawrence (K/L) grade (0e4)19
(weighted kappa [intrarater reliability]¼ 0.83 (95% CI:
0.74e0.91)), OST grade (0e3) (weighted kappa [intrarater
reliability]¼ 0.81 (95% CI: 0.73e0.88)), JSN (0e3)
(weighted kappa [intrarater reliability]¼ 0.87 (95% CI:
0.79e0.95)) and sclerosis (0e3) (weighted kappa [intrarater
reliability]¼ 0.73 (95% CI: 0.63e0.83)) using the Osteoar-
thritis Research Society International (OARSI) scoring sys-
tem20 by an academically based bone and joint radiologist
blinded to the M:L BMD Ratios.
Those knees with a K/L score 2 were deﬁned as having
radiographic OA. Medial JSN was deﬁned as JSN 1 in the
medial tibiofemoral (TF) compartment. Lateral JSN was
similarly deﬁned but in the lateral TF compartment. Within
each knee, a medial OST was deﬁned as OST grade 2
on the medial tibia or the femur. Lateral OST was similarly
deﬁned in the lateral TF compartment. Medial sclerosis
and lateral sclerosis were deﬁned as having medial and lat-
eral tibial sclerosis 1, respectively.
STATISTICAL ANALYSIS
We described demographic characteristics including age,
sex, BMI in the study population. We also detailed the prev-
alence of radiographic OA.
We divided the knees into quintiles based on their M:L
BMD Ratios and used the median group as the referent
group. We anticipated that the relation of M:L BMD Ratio
to the individual radiographic features, i.e., JSN, OSTs,
and sclerosis, would potentially be more pronounced at
9)
Group 7
(1.29, <1.91)
122/286 (43%)
.9) 16.7 (10.0e27.7) P for quadratic
trend <0.0001
.29)
Group 7
(1.29, <1.91)
34/286 (12%)
4.6) 4.8 (2.7e12.9) P for quadratic
trend <0.0001
29)
Group 7
(1.29, <1.91)
) 180/286 (63%)
4.6) 14.1 (9.3e21.3) P for linear
trend <0.0001
p 6
<1.29)
Group 7
(1.29, <1.91)
.6%) 0/286 (0%)
.2e7.1) 0y P for linear
trend <0.0001
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ORs for compartment-specific OSTs based on M:L BMD Ratio groups
M:L BMD Ratio e medial OSTs
M:L BMD Ratio group (Range of M:L BMD Ratios in each group)
Group 1
(>0.62, <1.02)
Group 2
(1.02, <1.06)
Group 3
(1.06, <1.11)
Group 4
(1.11, <1.17)
Group 5
(1.17, <1.23)
Group 6
(1.23, <1.2
Medial OST prev 27/305 (9%) 10/304 (3%) 15/610 (2%) 26/610 (4%) 37/610 (6%) 32/323 (10%)
Adjusted ORs* (95% CI) 2.3 (1.2e4.2) 0.9 (0.4e1.8) 0.6 (0.3e1.2) 1.0 (referent) 1.4 (0.8e2.4) 2.7 (1.5e4
M:L BMD Ratio e lateral OSTs
M:L BMD Ratio group (Range of M:L BMD Ratios in each group)
Group 1
(>0.62, <1.02)
Group 2
(1.02, <1.06)
Group 3
(1.06, <1.11)
Group 4
(1.11, <1.17)
Group 5
(1.17, <1.23)
Group 6
(1.23, <1
Lateral OST prev 51/305 (17%) 7/304 (2%) 21/610 (3%) 10/610 (2%) 16/610 (3%) 10/323 (3%)
Adjusted ORs* (95% CI) 13.5 (6.5e28.0) 1.6 (0.6e4.0) 2.4 (1.1e3.2) 1.0 (referent) 1.5 (0.7e3.1) 1.9 (0.8e
*ORs are adjusted for age, sex, and BMI.
Table I
ORs for compartment-specific JSN based on M:L BMD Ratio groups
M:L BMD Ratio e medial JSN
M:L BMD Ratio group (Range of M:L BMD Ratios in each group)
Group 1
(>0.62, <1.02)
Group 2
(1.02, <1.06)
Group 3
(1.06, <1.11)
Group 4
(1.11, <1.17)
Group 5
(1.17, <1.23)
Group 6
(1.23, <1.
Medial JSN prev 13/305 (4%) 13/304 (4%) 40/610 (7%) 59/610 (10%) 79/610 (13%) 74/323 (23%
Adjusted ORs* (95% CI) 0.4 (0.2e0.8) 0.4 (0.2e0.8) 0.7 (0.5e1.1) 1.0 (referent) 1.3 (0.9e1.9) 3.0 (2.0e
M:L BMD Ratio e lateral JSN
M:L BMD Ratio group (Range of M:L BMD Ratios in each group)
Group 1
(>0.62, <1.02)
Group 2
(1.02, <1.06)
Group 3
(1.06, <1.11)
Group 4
(1.11, <1.17)
Group 5
(1.17, <1.23)
Grou
(1.23,
Lateral JSN prev 62/305 (20%) 8/304 (3%) 14/610 (3%) 5/610 (0.8%) 3/610 (0.5%) 2/323 (0
Adjusted ORs* (95% CI) 58.5 (19.1e178.7) 6.3 (1.7e22.8) 5.2 (1.6e17.2) 1.0 (referent) 1.0 (0.3e3.8) 1.2 (0
*ORs are adjusted for age, sex, and BMI.
yCould not calculate a 95% CI because no knees were in this highest M:L BMD Ratio group.
987Osteoarthritis and Cartilage Vol. 14, No. 10the extremes of the M:L BMD Ratio. Therefore, to better as-
sess the doseeresponse relationship, we further divided
the highest and lowest quintiles of BMD ratio in half for a to-
tal of seven groups.
We used the same approach to assess the relation of the
M:L BMD Ratio to the prevalence of medial JSN, medial
OSTs, medial sclerosis, lateral JSN, lateral OSTs, and lat-
eral sclerosis. To examine the relation of M:L BMD Ratio
to the prevalence of each individual radiographic feature,
we used a logistic regression model with the outcome being
presence or absence of the individual radiographic feature,
the dependent variable being the seven M:L BMD Ratio
groups, and the covariates being age, sex, and BMI. Since
each subject contributed two knees in the data analyses,
we used generalized estimating equations to adjust for cor-
relation between two knees within an individual21. The me-
dian value of the M:L BMD Ratio group for each knee was
used to test for trends. For trends that appeared linear, we
tested for a linear trend. For trends that appeared j- or u-
shaped, we added both a linear and quadratic term with
the latter term allowing for the testing of a quadratic relation.
Because we wanted to evaluate whether the M:L BMD
Ratio provided information even in those without sclerosis
on x-ray, we excluded all knees with evidence of sclerosis
on x-ray and repeated the above analyses looking at medial
JSN, lateral JSN, medial OSTs, and lateral OSTs as the de-
pendent variables.
Statistical analyses were performed using the SAS sys-
tem for Windows (version 9.1; SAS Institute, Cary, NC).
P-values <0.05 were considered statistically signiﬁcant.
Results
Mean age of 1612 subjects (3048 knees) was 63.9 years
(Standard Deviation (SD) 8.9), 56% were women, and the
mean BMI was 28.5kg/m2 (SD 5.5). Eighteen percent of
the sample had radiographic OA (K/L 2), 15% had medial
JSN, 3% had lateral JSN, 0.4% had bicompartmental JSN,
9% had medial OSTs, 5% had lateral OSTs, 3% had bicom-
partmental OSTs, 15% had medial sclerosis, 2% had lateral
sclerosis and 0.3% had bicompartmental sclerosis. Of those
who had radiographic OA, their mean age was 67.3 years
(SD 8.9), the mean BMI was 30.7 kg/m2 (SD 6.3), and
57% were women.
In evaluating the relation of M:L BMD Ratio to medial JSN
with the middle M:L BMD Ratio group as the referent group,
the adjusted odds ratios (ORs) of medial JSN from lowest
to highest group of M:L BMD Ratio were 0.4, 0.4, 0.7, 1.0
(referent), 1.3, 3.0 and 14.1, P for linear trend <0.0001
(Table I). As the ratio increased, there was a greater preva-
lence of medial JSN. When evaluating the relation of M:L
BMD Ratio to lateral JSN from lowest to highest group of
M:L BMD Ratio, the ORs were 58.5, 6.3, 5.2, 1.0 (referent),
1.0, 1.2, and 0,P for linear trend<0.0001 (Table I). As the ra-
tio decreased, there was a greater prevalence of lateral JSN.
In evaluating the relation of M:L BMD Ratio to medial
OSTs, the ORs of medial OSTs from lowest to highest
group of M:L BMD Ratio were 2.3, 0.9, 0.6, 1.0 (referent),
1.4, 2.7 and 16.7. Given the j-shaped appearance of the
ORs, a quadratic trend was tested, P for trend <0.0001
(Table II). When evaluating the relation of M:L BMD Ratio
to lateral OSTs from lowest to highest group of M:L BMD
Ratio, the ORs were 13.5, 1.6, 2.4, 1.0 (referent), 1.5, 1.9,
and 4.8, P< 0.0001 for a j- or u-shaped (quadratic) trend.
The 95% Conﬁdence Intervals (CIs) for the ORs are pre-
sented in Table II.T
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988 G. H. Lo et al.: Speciﬁc features of OA and their relation to the M:L BMD RatioTable IV
Prevalence of JSN and OSTs by M:L BMD Ratio groups in knees with no sclerosis
M:L BMD Ratio group e JSN and OSTs in knees with no sclerosis on x-ray
M:L BMD Ratio group (Range of M:L BMD Ratios in each group)
Group 1
(>0.62, <1.02)
Group 2
(1.02, <1.06)
Group 3
(1.06, <1.11)
Group 4
(1.11, <1.17)
Group 5
(1.17, <1.23)
Group 6
(1.23, <1.29)
Group 7
(1.29, <1.91)
Medial JSN prev 6/248 (2%) 9/296 (3%) 24/588 (4%) 29/577 (5%) 42/571 (7%) 21/270 (8%) 34/140 (24%)
Lateral JSN prev 8/248 (3%) 3/296 (1%) 7/588 (1%) 1/577 (0.2%) 0/571 (0%) 0/270 (0%) 0/140 (0%)
Medial OST prev 5/248 (2%) 8/296 (3%) 5/588 (1%) 6/577 (1%) 7/571 (1%) 4/270 (1%) 4/140 (3%)
Lateral OST prev 4/248 (2%) 5/296 (2%) 12/588 (2%) 3/577 (0.5%) 3/571 (0.5%) 1/270 (0.4%) 0/140 (0%)Based on the results evaluating the relationship between
sclerosis and M:L BMD Ratio groups, most of the cases of
medial and lateral sclerosis were in the highest and lowest
groups of M:L BMD Ratio, respectively (Table III). However,
not all knees in the highest ratio group had medial sclerosis
and not all knees in the lowest ratio group had lateral
sclerosis.
When we examined whether the M:L BMD Ratio was as-
sociated with compartment-speciﬁc JSN and OSTs in
knees where radiographic sclerosis was absent, we found
that for medial JSN, there was still a marked increase in
M:L BMD among knees with medial JSN (Tables IV
and V). The relation between lateral JSN and M:L BMD
Ratio in this group was weak, though the numbers in this
group with lateral JSN were small. No associations between
M:L BMD Ratio and OST prevalence (either medial or
lateral OSTs) were observed in this group of knees.
Discussion
In this cross-sectional study, an increasingM:L BMDRatio
was strongly associatedwith an increasingprevalenceofme-
dial JSN. Similarly, a decreasing ratio was associatedwith an
increasing prevalence of lateral JSN. This suggests that the
M:L BMDRatio is another measure of the compartment-spe-
ciﬁc involvement of OA. In a TF compartment where there is
JSN, there is a relative increase in tibial plateau BMD in the
same region. The relation appeared linear with a possible
threshold effect at the extremes of high and lowM:LBMDRa-
tios, respectively. Those in the highest ratio group weremore
than 14 times more likely to have prevalent medial JSN com-
pared to those in the referent group (i.e., knees with the me-
dian range M:L BMD Ratios). The converse was also true;
those in the lowest ratio group were less likely to havemedial
JSN but were at increased risk of lateral JSN.
When looking at the associations between M:L BMD Ra-
tio and compartment-speciﬁc OSTs, the associations were
similar to those seen with JSN with the exception that there
was a j-shaped relation instead of a linear relation. Based
on this appearance, we calculated P-values for quadratic
trends which were signiﬁcant for both medial and lateral
OSTs. Those with the highest M:L BMD Ratios were more
likely to have OSTs in the medial and lateral TF compart-
ments by more than 16 and four fold, respectively, when
compared to those in the referent group. Again, the con-
verse was similarly true; those in the lowest ratio group
were 13 and two fold more likely to have OSTs in the lateral
and medial TF compartments, respectively.
Based on this data, the lowest overall prevalence ofmedial
and lateral JSN and OSTs occurred in the M:L BMD Ratio
group 4 (of 7). This raises the question of whether there ex-
ists an optimal physiologic M:L BMD Ratio range where
knees would be less likely to develop features of OA.The cross-sectional design of this study limits our ability
to make causal inferences related to our ﬁndings. Neverthe-
less, the ﬁndings in this study are interesting in suggesting
potential biomechanical explanations for the observed ﬁnd-
ings. Historically, radiographic evidence of JSN has been
presumed to be an indirect measure of articular cartilage
loss. Recent data support this assumption22, but change
in meniscal characteristics also inﬂuences JSN as much
as articular cartilage loss23. In our study those knees with
a relatively increased tibial BMD in one compartment
were substantially more likely to have prevalent JSN in
the ipsilateral compartment. In addition, the relative in-
crease in tibial BMD was associated with a lower preva-
lence of JSN in the contralateral compartment. Potential
explanations for this include that JSN could reﬂect an ab-
normality in the menisci or articular cartilage loss, leading
to excess loading which might cause locally increased
BMD.
The relation between the M:L BMD Ratio and OSTs is
more complex with a j-shaped trend instead of a linear trend
with both medial and lateral OSTs. However, the relation
between medial OSTs and high M:L BMD Ratios was stron-
ger than that between medial OSTs and low M:L BMD Ra-
tios. Similarly, lateral OSTs and low M:L BMD Ratios had
a stronger relation than lateral OSTs and high M:L BMD Ra-
tios. If we focus on the stronger relations of a higher ratio
being more predictive of medial OSTs and lower ratio being
more predictive of lateral OSTs, the relations parallel that of
the ratio to medial and lateral JSN, respectively. Although
we cannot be certain of the causal mechanism, one may hy-
pothesize that an increase in local BMD, associated with
excess loading and remodeling, may lead to the stimulation
of endochondral ossiﬁcation in these same regions and
ultimately, OST formation. To test this theory, we restricted
the OST analyses to knees with only uni-compartmental
OSTs and found that an increasing ratio was associated
with an increasing prevalence of medial OSTs. A similar
relationship was found between an increasing prevalence
of lateral OSTs and decreasing M:L BMD Ratios. This pro-
vides a rationale for an elevated ratio being associated with
medial OSTs and a low ratio with lateral OSTs. Teleologi-
cally, OSTs are speculated to stabilize the osteoarthritic
joint24; the cooccurrence of prevalent OSTs in both the ipsi-
lateral compartment and the compartment contralateral to
the region of increased tibial BMD supports this idea.
The fact that sclerosis occurs in the same region where
the M:L BMD Ratio is measured and that most cases of me-
dial and lateral sclerosis occur in those with either the high-
est or lowest M:L BMD Ratio, respectively, suggests two
possibilities. The ﬁrst is that sclerosis and the M:L BMD Ra-
tio measure the same construct, but that the ratio is more
sensitive than sclerosis. The second possibility is that the
occurrence of an abnormal M:L BMD Ratio and the appear-
ance of sclerosis on x-ray are part of the same causal
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I.pathway with sclerosis occurring later. Due to the cross-
sectional nature of this study, we are unable to determine
for certain which is true.
If the ﬁrst possibility were true, and the M:L BMD Ratio is
a more sensitive measure of sclerosis, we would have ex-
pected that when evaluating knees without sclerosis, there
the relationship between JSN and M:L BMD Ratio though
attenuated would persist, which is what we observed. We
identiﬁed 31 knees with medial JSN in the highest M:L
BMD Ratio group for a medial JSN prevalence of 23%,
more than ﬁve fold higher than that in the referent group.
A similar relation was seen when evaluating lateral JSN,
but the numbers were smaller. However, when evaluating
the relation between M:L BMD Ratio and OSTs in knees
without sclerosis, there was a complete disappearance of
the association between the ratio and OSTs. If the M:L
BMD Ratio were a more sensitive measure of sclerosis,
then we would have expected to see an attenuation of the
relation between the M:L BMD Ratio and OSTs of the
same magnitude that we saw in the relation between the
M:L BMD Ratio and JSN, not a complete disappearance
of the relation as was observed.
Therefore, it would seem that the second possibility is
more likely, that the occurrence of an abnormal M:L BMD
Ratio and the appearance of sclerosis on x-ray are part of
the same causal pathway where the abnormality in M:L
BMD Ratio occurs ﬁrst. When looking at the relation be-
tween M:L BMD Ratio and JSN, the relation is not depen-
dent on the presence of ipsi-compartmental sclerosis. The
relationship between M:L BMD Ratio and JSN is different,
however, from that with OSTs. It appears that the preva-
lence of OSTs is related to the presence of an abnormal
M:L BMD Ratio only as it relates to the prevalence of scle-
rosis. This suggests that the relation between an abnormal
M:L BMD Ratio and OSTs is somehow dependent on the
presence of sclerosis. Further investigation of the differ-
ences in knees with high M:L BMD Ratios with and without
medial sclerosis is likely to better our understanding of the
formation of OSTs pathophysiologically.
In this study, we observed that a compartment-speciﬁc in-
crease in tibial BMD was associated with recognized radio-
graphic features of OA. The interpretation of BMD in sites
other than the tibial plateau (i.e., the femoral neck and the
lumbar spine) has been associated with stronger bone25e27.
In contrast, there have been several studies that have
shown that bone in the tibial plateau, periarticular to com-
partments with OA has lower mechanical strength, not stron-
ger8,28,29, likely secondary to bone remodeling. Further,
studies evaluating macroradiographs using fractal signature
analysis suggest that vertical and horizontal trabecular bone
in regions periarticular to OA affected compartments are in
fact, thinner than those in knees without OA30e32. Further
studies evaluating the histology of bone and perhaps fractal
signature analysis in areas of elevated tibial BMD by DXA
are needed to clarify our understanding of the changes
that occur within periarticular bone in knees with OA.
In summary, the extremes of the M:L BMD Ratio are
strongly associated with individual radiographic features of
radiographic OA. These ﬁndings add to existing evidence
supporting the importance of understanding bone in OA
pathophysiology.
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